Abstract: Variation of the epoxy/curing agent ratio for a system containing a diglycidyl ether of a bisphenol A derivative epoxy resin and the isophorone diamine (3-aminomethyl-3,5,5-trimethylcyclohexylamine) was found to have a significant effect on the cure kinetic parameters. Determination of the optimum value of the epoxy/curing agent ratio was studied by means of differential scanning calorimetry. The method is based on the search for the maximum enthalpy change'. It was found that this maximum corresponds to a 100/34 value. The glass transition temperature (Tg) has been calculated using dynamic methods. Our values are in good agreement with those in the l i t e r a t~r e~3~ for similar systems. At the same time other kinetic parameters were obtained using an isothermal method and the ratio values previously calculated. This kind of epoxy/curing agent systems are mainly used in civil engineering.
INTRODUCTION
Epoxy resins must posses certain properties such as high reactivity, high conversion at low temperatures, low viscosity and small toxicity in order to obtain a product with properties similar to those of commercial resins. In this paper we report a study, based on the kinetics of an industrial epoxy resin made by GAIRESA (Valdoviiio, Spain). With this aim, reaction enthalpies both in isothermal and dynamic modes were measured. It is known that both of these methods may be applied independently, but a combination consisting of the use of the isothermal method to determine the reaction degree and the dynamic method to evaluate the maximum enthalpy involved in the process can be very valuable.
EXPERIMENTAL

Materials
The resin was an epoxide derived from the diglycidyl ether of biphenol A labeled by GAIRESA as RESINA 41-13 SOLUJ3LE with an equivalent weight 140. The cure agent was the isophorone diameine (IPD) with equivalent weight 452.6. This system was chosen because its physical properties agree with those above mentioned.
Techniques
Calorimetric measurements were made by differential scanning calorimetry (DSC). The calorimeter was calibrated using indium and bidistilled water a standards. The use of two standards was necessary because of the wide temperature range used (-30 to 230°C). The heating rate was 10"C/min. All the samples were about 5-6 mg in weight. The purge gas was 99.99999% pure nitrogen from Carburos Metalicos (La Coruiia, Spain).
Kinetics
Kinetic treatment is based on that given by Horie et a14 assuming equal reactivity for all amine hydrogen. Hydroxyl groups generated during the reaction and the presence of initial impurities such as water, glycol, solvent, etc., markedly accelerate the course of the epoxy-amine reaction. The possibility that the catalytic effect could originate either from the impurities or from the OH groups generated in the course of the reaction led to the following reaction scheme.
A,+E+(Hx),-LA~+(Hx),
[3]
Where (HX)* and (HX), represent the hydroxyl groups and initial impurities, respectively. E, Al, A2 and A3 represent epoxide, primary amine, secondary amine produced by addition of epoxide to primary amine, and tertiary amine as a final product, respectively. From these equations assuming that any autocatalytic [ eqs (1) and (3) ] or externally catalysed mechanism, n-order path, [ eqs (2) and (4) ] could be produced, and also assuming equal reactivity for all amine hydrogens, as was mentioned, the following expression in terms of basic concentrations5 can be derived
Where K, = 112 k1eo2 and K'l = 1/2 k'le,c, (e, and c, are the initial concentrations of epoxy and (HX), respectively, B the epoxy amine molar ratio). When the resin and the amine are in stoichiometric relations (B = 1). Moreover if m = a = b = 1 :
The reduced reaction rate a 0 is defined as
Following Horie et a14, equation [5] may be derived from the rate of consumption of epoxide given by
where a,, a2, e and c, are the concentrations of primary amine, secondary amine, epoxide and external catalyzer, respectively. Taking e = e, -x, assuming k2Ikl = k',/k'l = 112 (that is, assuming equal reactivity for all amine hydrogens) and considering that at time t the concentrations of a1 and a2 are equal to their initial values minus the amounts reacted, it follows a1 + a2/2 = a, -x/2 and :
Determination of the optimum epoxy/curing agent ratio using the reduced value a = de, 
RESULTS AND DISCUSSION
Dynamic method
In order to evaluate the optimum residcure agent ratio, necessary for a posterior isothermal study, a dynamic study was carried out. Table 1 reports enthalpy values for the different ratio values used.
From these data it can be concluded that the optimum ratio value is 100134 which corresponds to the maximum value of AH. The optimum value of the epoxylcuring agent ratio can also be evaluated from Tg values. It is expected that AH maximum value corresponds to the maximum value of Tg. Table 2 shows Tg values corresponding to different epoxylcuring agent ratios. From all this evidence it can be confirmed that 100134 corresponds to the optimum ratio value.
Isothermal study
The curing reactions of diglycidyl ether of bisphenol A with isophorone diamine were studied using a differential scanning calorimeter (DSC) under isothermal conditions within the range 45-75°C. This range was chosen from the values given by the dynamic curves. Samples were introduced in aluminum pans hermetically closed and then introduced in the calorimeter at 5°C. Heating rate was 100"CImin.
From the curves produced, the reaction rate d d d t is evaluated fiom dWdt at different times as 1131 dWdt da/dt=-AH0
Reaction degree can be calculated from: 
DISCUSSION
The value of the activation energy, 20.11 kcalleq, here reported is lower than that of 22.29 kcal.eq found for a commercial resin EPIKOTE 828. This means that the resin now studied is a very good one to be used both in the building and automobile trades. Two different ways were used in order to find the best mixing ratio value, that is, the search for the maximum enthalpy and for the maximum glass temperature seem to be very valuable.
